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Abstract
This study assesses the population of mangrove species at three locations on Uzi Island
off the coast of Unguja at their most highly populated regions: Nyeke, Dikokuu, and Chokaani.
Collection of tree samples occurred for identification of mangrove species. Observations and
fieldwork were used to obtain information regarding the species that populate the island and the
makeup of those communities. Nine total species were found to live within the boundaries of Uzi
Island. These species were identified as Xylocarpus moluccensis, Pemphis acidula, Bruguiera
gymnorrhiza, Ceriops tagal, Rhizophora mucronata, Sonneratia alba, Xylocarpus granatum,
Avicennia marina, and Lumnitzera racemosa. Results showed that Bruguiera gymnorrhiza has
the highest abundance, relative density, and frequency of all of the species in the area. Two
species: Xylocarpus moluccensis and Xylocarpus granatum, each with only a single tree present
in the surveyed regions each have the lowest abundance, density, and frequencies.
Introduction
Mangroves are salt-tolerant, flowering evergreen trees found on tropical and subtropical
coasts where the average temperature does not drop below 19ºC. Located in intertidal areas, trees
thrive best in sheltered regions such as bays, estuaries, and lagoons where annual rainfall exceeds
1000mm (Shunula & Whittick, 1996). Environmental factors are the main effectors of growth
and distribution. These factors include sedimentation rates, climate, shelter from wave action,
salinity, and tidal regime (Richmond, 2011). Mangroves can grow in areas between 25ºN and
25ºS and are found living in broad ranges of salinity levels even though 90% do not actually need
salt for survival (The Biosphere, 1998; Semesi, 1998; Shunula, 2001). There are ninety
species of mangroves found worldwide (Semesi, 1986). Ten of these species are found on the
island of Zanzibar. They are Avicennia marina (A.M.), Bruguiera gymnorrhiza (B.G.), Ceriops
tagal (C.T.), Heritiera littoralis (H.L.), Lumnitzera racemosa (L.R.), Pemphis acidula (P.A.),
Rhizophora mucronata (R.M.), Sonneratia alba (S.A.), Xylocarpus granatum (X.G.), and
Xylocarpus moluccensis (X.M.) (Shunula & Whittick, 1996)
There are an assortment of environmental factors that are not experienced by terrestrial
trees that have resulted in specific adaptations for survival of mangrove communities or mangals.
Adaptations can be widespread over a range or limited to a few species and are morphological,
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anatomical, and physiological in nature (Shunula & Whittick, 1996). Growing in salt water, trees
face problems in attaining and preserving fresh water. In order to combat this problem there are
three methods used by mangrove species to reduce the toxic levels of salt that accumulates over
time and maintain the level of fresh water needed to survive. Avicennia marina excretes excess
salt, others accumulate metabolites and salt in their leaves before shedding them, and some others
skip the task of dealing with the salt altogether by preventing its entry into bark and roots by
maintaining a negative hydrostatic pressure (Carter, 1988; Richmond, 2011).
Trees grow in muddy soils that frequently lack oxygen (anaerobic) and have the tendency
to shift in and out with the tide and other currents. Roots systems are highly developed and are
necessary for absorption of water and inorganic nutrients and anchorage (Shunula & Whittick,
1996). Roots spread superficially and widely with aerial roots a product of the anaerobic soil
(Osborne & Berjak, 1997). Gas exchange at low tide is the common function of aerial roots. This
allows for a steady influx of oxygen by atmospheric pressure into lenticels on the surface of
pneumatophores (Augustinus, 1995; Shunula & Whittick, 1996). There are four types of aerial
roots found in mangrove species: stilt, knee, pneumatophores, and buttress roots. The species of
Rhizophora mucronata (R.M.), Ceriops tagal (C.T.), Bruguiera gymnorrhiza (B.G.), Heritiera
littoralis (H.L), Sonneratia alba (S.A.), and Avicennia marina (A.M.) develop these root
modifications based upon their close proximity to the ocean. Species that do not have these
unique root systems are those often found growing near terrestrial life (Richmond, 2011).
Mangrove leaf anatomy and morphology are different from typical terrestrial species in
order to reduce fresh water loss. Leaf shape (elliptical through ovate to obovate), texture, and
turgor pressure for structural support are slightly modified throughout mangrove species
(Shunula & Whittick, 1996). Leaves have heavy and waxy cuticles on the underside of the
epidermis to prevent water loss and to reflect the steady stream of tropical sun in order to prevent
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overheating. Storage of water occurs in the most mature leaves because they are more succulent
then those that are newly grown (Richmond, 2011).
The seeds of mangroves also have several adaptation that allow for their survival in the
tidal waters that surround their parents. Reproductive systems of mangroves are collectively
called propagules but vary in their forms anywhere from seeds to fruits to viviparous seedlings
(Shunula & Whittick, 1996). Seeds must stay attached to the parent tree because they are
recalcitrant, meaning that they are unable to survive any level of dehydration. Successful
dispersal, germination, and establishment of seeds is completely dependent upon tidal water and
a sheltered situation. When a seed is released from its parent its best chance of survival is to
either become trapped by littoral vegetation or upon muddy banks around pneumatophores
(Richmond, 2011). If one of these optimal situations does occur then the embryo will release
root primordia. Only four of the nine to ten total primordia available to the seed will grow at a
single time creating a backup in the case of dislodging. Additionally there are many short hairs
near the multiprimordium root meristem region that when coming in contact with water become
erect. The hairs trap air and aid in buoyancy and survival of root primordia (Osborne & Berjak,
1997).
There is a distinct horizontal distribution of species based upon physiological tolerance,
dispersal dynamics, seed predation, and interspecific competition (Richmond, 2011). Patterns of
mangal zonation do not always favor that of strict parallel sequence but often can be found in
mosaic patterns based upon topographic variations. Zonation can indicate differences in stature
and productivity of mangroves or the unique patterns formed by the separation of species. Often,
trees found closest to terrestrial life are larger and more productive then trees located near the
ocean due to fluctuations in the tide (Feller & Sitnik, 1996; Mendelssohn & McKee, 2000).
Mangroves also show a level of vertical distribution in the form of stratification. There are three
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forms of stratification: suprtidal, intertidal, and subtidal. The distinctions of the zones can be
accessed by differences in organisms living within these areas (Feller & Sitnik, 1996).
Mangrove soil types vary according to region. Soil type ranges from sandy to rocky and
clay-based to mud (Griffith, 1949). Upper areas of mangals are composed of thicker, sandy
materials due to their limited immersion by the tide (Shunula & Whittick, 1996). Often times stilt
from land and/or ocean is trapped by the roots of mangroves, which combine with decaying
leaves to form rich anaerobic environment. The soil surrounding mangroves is brimming with
bacteria that reduce sulphates from the seawater to hydrogen sulphide (Richmond, 2011). This
hydrogen sulphide limits the livability of other organisms and produces the distinct rotten egg
smell when the soil is disturbed. The soil found around these these trees is vital for the recycling
of inorganic nutrients such as nitrogen (Shunula & Whittick, 1996).
Mangroves are of vital ecological importance to marine and terrestrial ecosystems. They
contribute to soil formation and aid in the protection of coastlines by acting as buffers from the
sea. In a similar manner as they act as buffers to land, they also protect ocean ecosystems such as
coral reefs and seagrass beds by collecting and filtering runoff of sediments and trash such as
fecal matter from human populations. Lichens, ferns and a variety of vascular plants are
commonly found living within the mangrove forests. The red algae species Bostrychia,
Catenella, and Caloglossa are mainly confined to mangrove communities (Shunula & Whittick,
1996). There are many animals also discovered within the boundaries of mangals. Many fish use
mangroves as breeding, feeding, and nursery grounds (Shunula, 2001). Invertebrates are the most
common species within mangroves. They include but are not limited to gastropods, crabs, prawn,
bivalves, oysters, and clams. The uses of the mangal's unique ecosystem by these animals varies.
The most common is shelter, breeding grounds, hatching grounds, and food supplements
(Richmond, 2011).
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Although playing vital roles for all creatures who interact with them, their high economic
value has lead to their extreme destruction in many parts of the world (Griffith, 1949).
Mangroves within East Africa have a variety of uses and are often found to be exploited for
exportation to countries outside of the region (Richmond, 2011). There are many uses for
mangroves within this region. These include dugout canoes, boat ribs, dhow masts, medicine,
fish traps, house construction, dye for tanning leather and waterproofing fishing lines, furniture,
fuel in the form of firewood, and charcoal making (Shunula, 2001).
Study Area

Figure 1: Map of Uzi Island, Zanzibar Archipelago. (Nowak, Perkin, et al., 2009)

Uzi Island is located southwest to the largest island of the Zanzibar Archipelago, Unguja,
and is thirty-five kilometers from Stone Town. Six kilometers in length with an area of 15.6km²,
the island is the second largest of the small islands surrounding Unguja (Finke, 2006; Nowak,
Perkin, et al., 2009). The Indian Ocean borders the East, South, and West sides. Uzi is connected
to Unguja by a road made mainly from coral rag and other readily accessible materials found in
the surrounding area. The road was constructed in the 1950s by the people of Uzi and took five
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years for completion. It cuts directly through the mangroves of Nyeke resulting in it being
inaccessible by car during high tide. Prior to the construction of the road ferries moved to and
from Unguja Ukuu, the closest village of Unguja to Uzi, and Dikokuu (Nowak, 2005).
There are two villages, Uzi Uzi and Uzi Ng'ambwa, with a combined population of
around 3,000 people (Nowak, Perkin, et al., 2009). The main source of income is either fishing or
farming in the form of aqua culture and agriculture. About sixty percent of the available land on
the island is used for agriculture and home construction. The forty percent that remains is a
combination of scrub forest, coral rag forest, and abandoned forest (Nowak, 2005).
Natural resources are abundant in the form of forests, mangals, sea grass beds, and coral
reefs. Unfortunately, due to the limited income possibilities on the island these resources are
being exploited at a very high rate. Mangroves in particular are one of the most abused. The
highest density of mangroves occupy the north, northeast, and northwest with small pockets of
mangals in the south and southeast. On the northern half of the island Nyeke, Dikokuu, and
Chokaani areas contain the most diverse and dense populations.
Methods
The mangroves surrounding the island of Uzi were studied over a period of fourteen days
from April 1-15, 2013. A guide familiar with the area was utilized to provide advice in transect
placement and tree species counting.
Identification of Species:
Specimens of mangrove species were collected within the mangals surrounding Uzi
Island. A single tree for each species was chosen from within this area based upon visibility (for
photographing) and accessibility. Components of the tree that were readily available were taken
for future reference in identification such as leaves and bark. If available seeds, fruit, and flowers
were also removed. In addition to retrieving samples, photographs of all available components
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were taken while they were still attached to the tree. Roots systems and tree size were also
photographed. While in the subsequent days in the field collecting data, elements of trees that
were not found during sample collection on day one were taken.
Field Observations and Data Collection:
Three areas (Nyeke, Dikokuu, and Chokaani) were determined to be the most dense areas
of mangrove forest on the island. Length of line transects varied based upon ease of movement
and boundaries of each forest. Photos and samples of substrate were taken in each of the three
areas for comparison.
Nyeke Mangrove Forest
Nyeke mangals' runs the length of the main bara bara (road). The area stretches between
Unguja Ukuu in the North and Uzi Island in the South. A line transect along the length of the
road was used due to the lack of tree growth hindrance, which allowed for easy walking. The
line transect began twenty-five meters from the first tree identified as a mangrove species. The
GPS coordinates of the starting point of the line transect were recorded. After walking two
hundred meters, the GPS coordinates were taken as the starting point of the first belt transect.
The endpoint of the belt transect was recorded after walking ten meters into the mangroves. The
transect was walked in a line as straight as physically possible with the use of a compass. After
ten meters was marked, trees within the width of 1.7 meters were counted. Within each belt
transect, an area of seventeen meters² was observed. Tree species and numbers were recorded.
Samples from trees that were not recognized were collected for identification at a later time.
After all data was collected the GPS was reset at the beginning of the start of the belt
transect. Two hundred meters was walked and a belt transect was again created but in the
opposite direction of the previous. Belt transects continued to be created until terrestrial land was
determined to be twenty-five meters away. Then the GPS coordinates of the end of the line
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transect were recorded.
Dikokuu Mangrove Forest
Dikokuu mangrove runs along the west side of the northern part of the island. Although
the intention of the use of a line transect was to create as straight of a line as possible, the many
channels winding through the mangroves created a natural path that was utilized for accessibility
to trees. In addition, the coral rag created impassable barriers that were not feasible to cross.
As done in Nyeke mangrove, the GPS coordinates of the first mangrove spotted was used
as the starting point to walk twenty-five meters into the forest. The GPS coordinates after those
twenty-five meters were recorded to indicate the start of the line transect. Two hundred meters
from the starting point of the line transect the first belt transect was created. The start and the end
point of the belt transect were recorded. Trees species and number of each species were observed
and taken. After returning to the beginning of the start of the belt transect, the GPS was cleared
and two hundred meters was again walked. A belt transect was created in the opposite direction
of the first. This process was repeated until terrestrial land appeared and it was determined that
there was not enough space to create an additional belt transect. The GPS coordinates twenty-five
meters from terrestrial land was recorded as the end of the line transect.
Chokaani Mangrove Forest
The forest runs along the northeast side of Uzi Island. The point of terrestrial land was
determined and the first mangrove sited was used as the starting point. After moving twenty-five
meters into the mangrove community, the GPS coordinates were recorded to indicate the
beginning of the line transect. As in Dikokuu the line transect was created based upon ease of
movement throughout the coral rag. Channels were highly prevalent and were often utilized for
tree counting.
Two hundred meters along the line transect the first ten meter belt transect was created.
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The start and end point for the belt transect were recorded. Tree species and number were taken
within the seventeen m² transect. Any trees that were not recognizable had samples taken in the
form of leaves and seeds (if present) to be used for later identification. After returning to the line
transect, the GPS was reset and two hundred meters were walked before the next belt transect
was made in the opposite direction of the first. The creation of belt transects continued until land
was approached from twenty-five meters away. The end of the line transect was recorded.
Due to the large area of mangroves in this region, a second line transect was created using
the same methods as described above. The starting point of this second transect was based upon
the guides personal opinion and the distance from the first line transect. The second line transect
was also chosen based upon its accessibility using the naturally formed channels through the
mangroves.
Data Analysis:
After the completion of data collection, the following formulas were utilized for analysis
of data:
1. Relative Frequency =

frequency of one species
sum of the frequency of all species

2. Relative Density =

number individuals of each species
total number of all species

. x 100

. x 100

3. Number of Each Species by plot – Mature trees

4. Total Count of Each Species- Mature trees
Results
Identification of Species:
There were nine species identified on the island of Uzi. The species were Xylocarpus
moluccensis, Pemphis acidula, Bruguiera gymnorrhiza, Ceriops tagal, Rhizophora mucronata,
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Sonneratia alba, Xylocarpus granatum, Avicennia marina, and Lumnitzera racemosa.
Field Observations and Data Collection:
A total of 43 belt transects were taken along 4 line transects in three mangrove forests.
Single transects were taken in Nyeke and Dikokuu. Two line transects were taken in Chokaani
due to its size and its abundance of mangroves. A list of GPS coordinates and their position in
context to the island of Uzi (displayed on a map) can be viewed in Appendix A.
Nyeke Mangrove Forest
Substrate type consisted mainly of waterlogged clay composed of tan and brown granules
with a few belt transects near Unguja having large sparsely spaced coral rag in addition to the
clay. There are several areas, particularly channels that remain flooded during low tide, whose
substrate consists of sand (Appendix C: Photos 1-3). The mangrove species of Xylocarpus
moluccensis, Bruguiera gymnorrhiza, Ceriops tagal, Rhizophora mucronata, Sonneratia alba,
Xylocarpus granatum, and Avicennia marina were distributed within the twelve belt transects. In
general, Ceriops tagal was found relatively evenly distributed throughout. Bruguiera
gymnorrhiza and Rhizophora mucronata were sometimes found in high numbers but were
unevenly and sporadically distributed. Xylocarpus moluccensis, Sonneratia alba, Avicennia
marina, and Xylocarpus granatum were found in single transects. (Appendix B: Table 6).
In terms of abundance, Rhizophora mucronata had the highest tree count (abundance) of
102. Ceriops tagal had the second highest abundance at 76 followed by Bruguiera gymnorrhiza
at 25 trees counted. Avicennia marina was counted 4 times in one transect. The lowest abundance
was a tie between Xylocarpus moluccensis, Sonneratia alba, and Xylocarpus granatum each
with 1 tree present (Figure 2).
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Figure 2: This figure shows species abundance at Nyeke.

Dikokuu Mangrove Forest
The substrate type can be characterized by dark, rich mud. Mangrove coverage remained
sparse in parts of this area due to the high amount of coral rag present. The line transect was
dominated by coral rag and segmented by several deep channels (Appendix C: Photos 4,5).
Pemphis acidula, Bruguiera gymnorrhiza, Ceriops tagal, Rhizophora mucronata, Avicennia
marina, and Lumnitzera racemosa were counted within the 8 transects created. Bruguiera
gymnorrhiza was distributed among 6 transects. Ceriops tagal and Rhizophora mucronata were
found in half of the belt transects. Pemphis acidula was represented in 2 transects. Avicennia
marina and Lumnitzera racemosa had trees present in small quantities, spread throughout 3
transects (Appendix B: Table 7).
Bruguiera gymnorrhiza, Ceriops tagal, and Rhizophora mucronata had a very similar
abundance within the area (18, 22, and 19). Pemphis acidula had an abundance of 2 trees while
Avicennia marina (6) and Lumnitzera racemosa (7) had similar tree counts (Figure 3).
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Figure 3: This figure shows species abundance at the mangroves of Dikokuu.

Chokaani Mangrove Forest
Substrate type was brown mud with an under layer of sand. This region had the highest
total ground coverage by coral rag. Many spaces stayed submerged even at low tide. This transect
was limited in trees due to its combination of prominent coral rag and channels (Appendix C:
Photos 6-8). Five species were found: Bruguiera gymnorrhiza, Rhizophora mucronata,
Sonneratia alba, Avicennia marina, and Lumnitzera racemosa.
Line Transect 1:
Although Lumnitzera racemosa was the dominant species, it appeared in only 3 of the
belt transects. Sonneratia alba and Rhizophora mucronata were found in the most belt transects
(4 of the 14). Avicennia marina was found in 2 transects and Bruguiera gymnorrhiza was
represented in a single transect (Appendix B: Table 8).
Line Transect 2:
Rhizophora mucronata was the most dominant species in line transect 2 having been
found in 8 of the 9 transects. Lumnitzera racemosa was identified 3 times and Bruguiera
gymnorrhiza was found in 1 belt transect (Appendix B: Table 9).
In Chokaani (combination of line transects 1 and 2), Rhizophora mucronata had the
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highest abundance with 29 individuals. Lumnitzera racemosa was a close second with 21
counted. Sonneratia alba had a middle range abundance for the area with 7. Bruguiera
gymnorrhiza and Avicennia marina have low abundances at 4 and 1 respectively (Figure 4).

Figure 4: This figure shows species abundance in the mangrove forests of Chokaani. This graph is the combined data
from line transect 1 and line transect 2 of Chokaani.

Overall Data Analysis of the Three Regions
Of the nine species found on the island, the most common was Rhizophora
mucronata (150 trees). The least common species overall and found exclusively in Nyeke were
from the family Meliaceae: Xylocarpus moluccensis and Xylocarpus grantum (Figure 2).
Ceriops tagal had the second highest overall count (98). Bruguiera gymnorrhiza followed with
a total of 48 trees counted. Avicennia marina (11), Sonneratia alba (8), and Pemphis acidula (2)
hosted small numbers of individuals. Dikokuu was the sole area where Pemphis acidula was
counted (Figure 5).
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Figure 5: This figure shows the total number of mangroves counted from the 43 belt transects created.

There were only two species that were found in all four line transects: Rhizophora
mucronata and Bruguiera gymnorrhiza. Two species ( Lumnitzera racemosa and Avicennia
marina) were found in three of the four line transects. Ceriops tagal and Sonneratia alba were
found in two of the four transects. Xylocarpus moluccensis, Xylocarpus granatum, and Pemphis
acidula were found in only one of the four transects (Table 5).
Tree Species:

X.M.

P.A.

B.G.

C.T.

R.M.

S.A.

X.G.

A.M.

X

X

X

X

X

X

X

X

X

L.R.

Line Transect:
Nyeke

X

Dikokuu

X

X

X

X

X

Chokaani
1

X

2
X
Table 5: Species found in the line transects of the three regions.

X
X

X

X

There were a total of forty-three belt transects taken on the three different regions of the
island. Rhizophora mucronata were found most often (25 of the 43 belt transects) and had a
frequency of 33%. Bruguiera gymnorrhiza (20%) and Ceriops tagal (17%) had a similar high
range frequency. Lumnitzera racemosa had a relative frequency of 10%. Both Sonneratia alba
and Avicennia marina had frequencies of 7%. Pemphis acidula had the second lowest frequency
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at 3%, appearing in only two belt transects. Xylocarpus moluccensis and Xylocarpus granatum
had the least number of trees counted and therefore had the lowest frequency of 1% (See Figure
6).

Figure 6: This figure shows the frequencies of each species found on the island of Uzi.

The species Rhizophora mucronata had the highest relative density of 43.4%. The next
highest density at 29% was Ceriops tagal. Bruguiera gymnorrhiza and Lumnitzera racemosa
had the closest highest double digit densities at 13% and 10% respectively. Sonneratia alba (2%)
and Avicennia marina (3.2%) had similar calculated single digit densities. Xylocarpus
moluccensis, Pemphis acidula, and Xylocarpus granatum had the smallest relative densities at
0.3%, 0.6%, and 0.3% (Seen Figure 7).

Figure 7: This figure shows the relatives density of the nine species found.

Kuitse 19
Discussion
Results demonstrate the ability of mangroves to survive in a variety of substrates and
different levels of inundation by seawater. These two factors are the main reasons why the
mangrove community structure is so diverse within the three areas surveyed. Distribution and
abundance relies heavily on a single mangrove's ability to thrive in a particular habitat. Although
there are numerous articles documenting zonation of each species, in the end it seems to comes
down to the luck of where the seed gets stuck and the youngsters ability to adapt to its
surroundings.
Nyeke Substrate Composition
The mangal of Nyeke had the highest species count and total number of trees due to the
limited amount of coral rag present. The low levels of coral rag has lead to a broad variety of
trees species due to the great growing condition and the suitable habitat for mature trees.
Fluctuating tides empty and fill the region without any natural or man-made hindrance. Although
there are several channels that remain flooded during low tide to a height of ankle-depth, most of
the area drains to ground level. The clay that makes up a majority of the substrate provides room
for sufficient root growth including those species that do not have specialized root systems
namely Xylocarpus granatum and Xylocarpus moluccensis (Shunula &Whittick, 1996). (The
other two species found on Uzi that do not have specialized root systems, Lumnitzera racemosa
and Pemphis acidula, were not found along the Nyeke line transect.)
It was apparent as the line transect approached Unguja Ukuu the effect coral rag existence
has on tree growth. Not only did the trees become stunted but they also reduced heavily in
number. While Xylocarpus granatum was the only tree in the final belt transect in Nyeke it was
meager in size comparison to the counted trees of the belt transect just two-hundred meters prior.
Its growth was severely inferior to its potential (up to ten meters in height) and compared to a
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tree of the same species found on another part of the island (Richmond, 2011).
Dikokuu Substrate Composition
Dikokuu had a rich muddy substrate, which was substantial enough for mangrove growth.
This substrate is similar to what can be found in Jozani-Chwaka Bay National Park, an area with
a plethora of healthy trees but with diversity limited to three species: Bruguiera gymnorrhiza,
Rhizophora mucronata, and Ceriops tagal. However unlike Jozani, there is an overabundance of
coral present. Coral rag was often waist height or higher limiting tree growth because roots were
unable to permeate the ground. Species with specialized root systems such as Avicennia marina,
Bruguiera gymnorrhiza, Ceriops tagal, and Rhizophora mucronata were stunted from the amount
of coral rag and limited accessible soil.
In addition to the high numbers of coral rag, Dikokuu was punctured by several immense
channels that drained minimally at low tide (Appendix C: Photo 4) These channels fed small
crevices and streams that wove throughout the coral rag. At low tide these channels were half a
meter and above in height. Crevices and streams heights were variable. Although mangroves can
survive periods of submersion they cannot survive a long time under total immersion by
seawater. Even those species with root systems adapted for variable submersion will die if there
are long periods of limited or no oxygen exchange (Richmond, 2011). The presence of so many
deep channels meant that trees were limited in growth opportunities and locations due to their
inability to grow in the waterways themselves. For most trees, growing in a stunted manner on
coral rag was the only option.
Trees that could reach optimal growth in Dikokuu were those found at the beginning of
the line transect. This domain, while in very close proximity to the ocean (less protection from
the elements), allowed for more sufficient drainage at low tide and soil composition sufficient for
plentiful root expansion. Complete drainage of this area occurred often with the change in tides.
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While still containing coral rag, which was often a meter in height, it was sparse and more evenly
distributed. This left amble amounts of room for growth in the muddy substrate.
Chokaani Substrate Composition
Chokaani provided another example of a unique mangrove ecosystem. The substrate was
brown mud that displayed a layer of sand about sixty centimeters down when disturbed. No
substrate was seen that was not completely submerged in water. The only areas that became dry
at low tide were immense spaces of coral rag, the most dominant feature of the landscape
(Appendix C: Photo 7). Trees were few and far between in most of the region. Those trees that
were counted were stunted and grew exclusively on coral rag. The only place where trees seemed
to be similar to their counterparts in the other regions were those that were found at the first belt
transect.
Overall, Chokaani was the least suitable habitat for mangrove growth. This was indicated
by the five belt transects that had no trees counted and the three belt transects with only one tree
counted (Appendix B: Tables 8,9). Although the substrate provides a high level of growth
potential for all nine species found on Uzi, only five were found along the line transect.
Unfortunately, coral rag coverage and ground submersion were to much for even the heartiest of
mangrove species to grow to their full potential.
Species Prevelance
Avicennia marina
The low prevalence of Avicennia marina throughout all of the line transects was not
solely due to the growing conditions but also the limited number of belt transects taken in areas
where the species were most common. Trees that have optimal growing conditions reach a
mature height of around thirty meters (Shunula &Whittick, 1996). Although commonly found in
fossolized coral (ie coral rag), those areas with a high percentage of rock were often highly
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flooded (Semesi, 1986). Avicennia marina is known for being discovered along sandy landward
flats where salinity levels are high due to the limited fluctuations of the tide (Richmond, 2011).
Bruguiera gymnorrhiza
Commonly found in non-descriptive patterns among other mangrove species, Bruguiera
gymnorrhiza was found most often living within the vicinity of several different species. The
most common were Rhizophora mucronata and Ceriops tagal, a trio found in several different
mangrove forests around the island (including Jozani-Chwaka Bay National Park). A unique
pairing within the belt transects was documented with Avicennia marina, a species known for its
preference for high salinity levels. Usually Bruguiera gymnorrhiza does have the ability to
tolerate high salinity. Its domain tends to be ground further from land with waterlogged, muddy
soil types (Shunula &Whittick, 1996). The high frequency value obtained from the number of
Bruguiera gymnorrhiza counted was the result of the diversity of conditions that this species is
able to exist in. Seen as one of the heartier species in the mangrove kingdom; coral rag, salinity
levels, and high water tables are not a huge limiting factor for growth.
Rhizophora mucronata
With the highest frequency, relative density, and abundance (i.e. number of total species
counted on the island), Rhizophora mucronata was the most common of the nine species
identified. The fact that it was sighted so often was due to its ability to grow in waterlogged soils
(such as those found n Dikokuu and Chokaani) and on the fridges of small bodies of water such
as creeks (similar to what is found in Nyeke) (Shunula &Whittick, 1996). Soil composition for
growth was variable. Location preference are muddy substrates but it can be found growing in
clay and sand. However, sand has the tendency to restrict its potential as seen in Chokaani
(Banyikwa & Semesi, 1986). According to Richmond distribution varies from landward to
midforest to seaward making it a great species for habitation in rough environments (2011).
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Ceriops tagal
Although Ceriops tagal was overall the second highest total number counted, it was not
present within the two line transects of Chokaani. This species was also the highest counted in
Dikokuu and the second highest in Nyeke. The absence from Chokaani was largely due to the
species normal growing patterns. It is naturally found in inner mangrove swamps forming tight
niches with other species or at the landward edges of forest near littoral fringe making Chokaani
overall an unsuitable habitat (Richmond, 2011). The species also prefers a more-well drained site
over a heavily flooded one (Shunula &Whittick, 1996). Even absent from an entire region,
Ceriops tagal hosted the third highest frequency due to its figures in the other sites particularly
Nyeke. This was due to the extensive stands it formed with Bruguiera gymnorrhiza and
Rhizophora mucronata (Shunula &Whittick, 1996).
Sonneratia alba
Accustomed to growing in the lower reaches of the mangrove forests, Sonneratia alba
had the highest count in Chokaani, a surprising find due to its lack of appearance in Dikokuu and
Nyeke (Shunula &Whittick, 1996). Its prevalence in Chokaani was the result of the species'
natural tendency to grow near the ocean. This makes the habitat of Chokaani an ideal place for
growth even if many of the trees are stunted. Its low frequency and density were the result of
being unable to survive in habitats that do not have muddy soil and a vast amount of space for its
pneumatophores (Richmond, 2011).
Pemphis acidula
Found twice on Uzi Island within two-hundred meters of each other, Pemphis acidula was
a rare species to be sited. This could have been due to several different factors. Not only were
two of the three environments surveyed difficult to live in for Pemphis acidula but it is normally
discovered in landward reaches of mangrove environments (Richmond, 2011). Most of the belt
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transects taken were far from terrestrial land. This species also tends to be in bush form between
one and five meters tall on sandy soil. Pemphis acidula thrives strictly in well-drained soil,
which was limited around Uzi Island (Shunula &Whittick, 1996).
Lumnitzera rosemosa
In a shocking turn of events, Lumnitzera rosemosa was found in very high quantities at
the two sites at Chokaani along with several more species in Dikokuu. This was a rare occurrence
because the species requires large quantities of fresh water. It almost always is found as inland as
physically possible. Its high appearance in eight of the forty-three belt transects makes it the
fourth most frequent species found in addition to having the forth highest relative density. It is
possible due to the fact that Lumnitzera rosemosa is a species thriving best on sandy ridges where
high salinity occurs due to evaporation that there was a mistake in identification while out in the
field (Richmond 2011; Shunula &Whittick, 1996).
Xylocarpus granatum and Xylocarpus moluccensis
These two species are grouped together not only because they are from the same family
but also because each had only one tree counted during the entirety of the study. Relative density
and frequency were therefore the lowest for both species of all of the counted species on Uzi.
The placement of Xylocarpus granatum's habitat was as expected. It was on sandy soil in
the upper fringes of mangals (Shunula &Whittick, 1996). The environment of the single
Xylocarpus granatum was located in a perfect example of the optimal growth environment. The
species also needs the influence of fresh water so the gradually sloping hill towards Unguja Ukuu
would provide sufficient rainwater runoff for survival. Xylocarpus moluccensis was discovered
on a sandy stretch within Nyeke. Although the substrate is expected for its growth, the region in
which it was found was not an environment that the species would normally be located.
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Conclusion
The protective buffer of land made by Uzi Island and Unguja provides the perfect setting
for the shelter of mangrove ecosystems. The various topography on which the mangals rest is of
vital importance to their diversity. Uzi is unique in its mangals because many of its individuals
can be found tolerating some level of inundation by saltwater from the ocean. The many fissures
and tidal channels created by the vast network of coral rag have lead to vibrant and drastically
different communities within such a small distance. Each of the three regions surveyed had
largely different composition of species. Many factors are involved in these mosaics: tide,
substrate, shelter, climate, and even human interactions. All of these things have shaped and will
continue to shape these intertidal ecosystems. Their continued existence is of utmost importance
to everything around them because their special attributes make them irreplaceable.
Recommendations for Future Studies
•

Uzi is an excellent place to do a study. The knowledge that can be gained from nature has
only been moderately tapped here. There are many areas that have yet to be studied so
any form of research done on the island has the potential to make a real impact.

•

There are diverse array of topics for study within mangrove forests surrounding the
island. There have been no recent studies done on regeneration in the area and as the
mangroves face continuous stresses of growing surrounding communities, their rate of
exploitation will only increase. While not apparent from the main road, cuttings are very
prevalent within the forests particularly as one approaches Unguja from Uzi.

•

A plan to monitor and limit exploitation is vital for the survival of these ecosystems.
Although people are supposed to receive permits prior to removing trees, they do not.
Working with the community to increase knowledge of the importance of mangals
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survival would be helpful for everyone involved.
•

Promoting tourism on the island to view the mangals (such as what is done at Jozani)
would encourage better protection of the trees. An investigation regarding installation of a
boardwalk would be beneficial in order to access its viability and its potential for success.

•

Education is key for people to understand WHY the destruction of these ecosystems is
bad for everyone (not just the trees). Without these natural barriers the ocean would at
some point reclaim Uzi as its own.

•

A complete mapping of the mangal's total area and any outlying single trees would be an
asset for a future monitoring program.

•

It would also be beneficial to determine the end destination of the tree trunks that are
being exploited. Demand for mangrove wood is only so high on the island. Finding out
where the wood ends up would result in a better understanding of the problem as a whole.

•

In the end, it is rather difficult to study mangals because people have the tendency to
ignore their importance. It come down to the fact that a person will do anything to make
sure their families are fed, clothed, and sheltered (rightfully so) even if that means
destroying the environment. The task of determining a way to strike a balance between
nature and human needs is difficult and will take much more time and destruction before
a balance can be found.
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Appendices
Appendix A: GPS Coordinates from Nyeke, Dikokuu, and Chokaani
Start Belt Transect

End Belt Transect

1

S06º19'45.8”/E039º23'55.4”

S06º19'45.45”/E039º23'55.6”

2

S06º19'23.2”/E039º23'28.3”

S06º19'23.21”/E039º23'28.7”

3

S06º19'18.8”/E039º23'23.1”

S06º19'18.42”/E039º23'23.4”

4

S06º19'15.7”/E039º23'19.4”

S06º19'15.29”/E039º23'19.8”

5

S06º19'08.6”/E039º23'15.5”

S06º19'08.34”/E039º23'15.7”

6

S06º19'03.6”/E039º23'11.4”

S06º19'03.51”/E039º23'11.9”

7

S06º18'58.1”/E039º23'07.9”

S06º18'58.24”/E039º23'07.12”

8

S06º18'54.3”/E039º23'03.6”

S06º18'54.23”/E039º23'03.10”

9

S06º18'49.6”/E039º22'58.9”

S06º19'49.30”/E039º23'59.2”

10

S06º18'45.4”/E039º22'54.3”

S06º18'45.23”/E039º22'59.5”

11

S06º18'41.4”/E039º22'49.0”

S06º18'41.24”/E039º22'49.2”

12

S06º18'38.9”/E039º22'44.9”

S06º18'38.50”/E039º22'44.12”

Belt Transect Number:

Table 1: This table shows the start and end GPS coordinates of the belt transects taken along the line transect in
Nyeke.

Start Belt Transect

End Belt Transect

1

S06º19'14.0”/E039º22'59.5”

S06º19'40.8”/E039º22'59.7”

2

S06º19'34.9”/E039º22'56.7”

S06º19'36.14”/E039º22'60.6”

3

S06º19'28.6”/E039º22'55.7”

S06º19'27.6”/E039º23'00.5”

4

S06º19'28.0”/E039º23'01.1”

S06º19'28.2”/E039º22'04.5”

5

S06º19'27.7”/E039º23'07.1”

S06º19'24.6”/E039º24'04.1”

6

S06º19'27.0”/E039º23'13.6”

S06º19'27.12”/E039º23'4.6”

7

S06º19'23.5”/E039º23'18.9”

S06º19'23.9”/E039º23'14.3”

8

S06º19'18.5”/E039º23'22.1”

S06º19'14.1”/E039º23'45.2”

Belt Transect Number:

Table 2: This table shows the start and end coordinates of the eight belt transects created along the line transect
through Dikokuu.
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Start Belt Transect

End Belt Transeect

1

S06º19'18.5”/E039º23'47.2”

S06º19'18.3”/E039º23'48.2”

2

S06º19'22.7”/E039º23'52.5”

S06º19'22.8”/E039º23'53.6”

3

S06º19'27.4”/E039º23'56.4”

S06º19'27.5”/E039º23'51.5”

4

S06º19'33.5”/E039º24'00.0”

S06º19'33.6”/E039º24'02.7”

5

S06º19'38.5”/E039º24'03.4”

S06º19'39.4”/E039º24'03.9”

6

S06º19'40.8”/E039º24'09.1”

S06º19'40.9”/E039º24'09.9”

7

S06º19'42.1”/E039º24'14.7”

S06º19'42.3”/E039º24'14.8”

8

S06º19'47.5”/E039º24'15.1”

S06º19'47.8”/E039º24'15.00”

9

S06º19'53.8”/E039º24'15.9”

S06º19'53.9”/E039º24'06.2”

10

S06º19'59.4”/E039º24'18.3”

S06º19'59.2”/E039º24'18.6”

11

S06º20'02.1”/E039º24'14.7”

S06º20'02.3”/E039º24'15.0”

12

S06º20'05.6”/E039º24'15.5”

S06º20'05.5”/E039º24'18.9”

13

S06º20'08.3”/E039º24'23.0”

S06º20'14.9”/E039º24'65.9”

14

S06º20'10.11”/E039º24'25.6”

S06º20'10.12”/E039º24'18.1”

Belt Transect Number:

Table 3: The table shows the start and end coordinates of the belt transects taken along the first line transect of
Chokaani.

Start Belt Transect

End Belt Transect

1

S06º19'14.1”/E039º21'41.1”

S06º19'14.4”/E039º23'21.2”

2

S06º19'09.0”/E039º22'38.3”

S06º19'09.1”/E039º22'38.5”

3

S06º19'09.6”/E039º23'32.5”

S06º19'06.8”/E039º23'32.1”

4

S06º19'06.5”/E039º23'27.7”

S06º19'06.7”/E039º23'27.8”

5

S06º19'02.1”/E039º23'24.2”

S06º19'43.01”/E039º23'24.4”

6

S06º18'56.15/E039º23'19.4”

S06º18'51.6”/E039º23'19.2”

7

S06º18'51.4”/E039º23'19.4”

S06º18'51.6”/E039º23'19.2”

8

S06º19'00.3”/E039º23'24.3”

S06º19'00.4”/E039º23'24.6”

9

S06º19'04.6”/E039º23'17.8”

S06º19'04.4”/E039º23'12.5”

Belt Transect Number:

Table 4: The table shows the start and end coordinates of the nine belt transects created along the second line transect
in Chokaani.
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Appendix B – Site-Specific Tables: Species Count Within Each Belt Transect
Species: Xylocarpus Bruguiera
Ceriops Rhizophora
moluccensis gymnorrhiza tagal
mucronata

Sonneratia Xylocarpus Avicennia
alba
granatum marina

Belt
Transect
Number:

1

1

3

2

1

1

4

3

4

4

1

5

5

20
5

3

6

1

22

7

27

6

4

20

30

5

4

18

8

1

9

9

10
11

1

8

1

4

12

1

Total
1
25
76
102
1
1
Table 6: This table shows the species count within each belt transect in Nyeke Mangrove Forest

Species: Pemphis
acidula

Bruguiera
Ceriops
gymnorrhiza tagal

Rhizophora
mucronata

4

Avicennia
marina

Lumnitzera
racemosa

4

2

1

4

1

1

6

7

Belt Transect
Number:
1

2

2

1

9

3

1

2

2

4

2

5

5

2

14

6

1

1

6

3

7

3

8

7

Total
2
18
22
19
Table 7: This table shows the species count within each belt transect in Dikokuu.
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Species:

Bruguiera
gymnorrhiza

Rhizophora
mucronata

1

1

Sonneratia
alba

Avicennia
marina

Lumnitzera
racemosa

Belt Transect
Number:
1

1

2

4

3

4

4

1

9

5
6
7

2

8

2

1

3

2

9
10
11
12
13

1

14

1

Total
1
7
6
2
17
Table 8: This table shows the species count within each belt transect along line transect 1 in Chokaani.

Species:

Bruguiera gymnorrhiza

Rhizophora mucronata

Lumnitzera racemosa

Belt Transect
Number:
1
2

8
1

3

1

1

1

2

4

1

5

2

6

3

7

1

8
9

1

5
1

Total:
2
22
4
Table 9: This table shows the species count within each belt transect along line transect 2 in Chokaani.
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Appendix C: Substrate Composition
Nyeke

Photo 1: The main substrate composition of the area was found to be large granules of yellow and brown clay.

Photo 2: Some areas consisted of sandy bottoms where seagrass and seaweed grew.

Photo 3: The end of the line transect towards Unguja Ukuu continued to be rough sand but was perforated with large
blocks of coral rag.
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Dikokuu

Photo 4: The substrate was dark, rich mud often times covered by a thirty or more centimeters of water.

Photo 5: Coral rag was also a dominant feature of the landscape.

Chokaani

Photo 6: Substrate characteristic was mud with a layer of sand underneath.
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Photo 7: The majority of the area was covered by coral rag.

Photo 8: Most area remained completely submerged at low tide.

